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1. CEM Inversion using Neighborhood Algorithm   
As mentioned in Ko et al. [2012], the inverse problem is highly non-linear, with 
a number of different local minima. Rather than trying to linearize the problem with a 
likelihood of solutions being trapped in a local minimum, we prefer to conduct a 
direct investigation of the parameter space. We adopt neighborhood algorithm (NA) 
[Sambridge, 1999], an optimization algorithm employing the geometrical constructs 
known as Voronoi cells [Voronoi, 1908] to drive the search in a multidimensional 
parameter space. At the beginning stage of NA, the model space is surveyed to 
identify the regions with the lowest misfits. A measure of the data misfit must 
therefore be defined. We formulate a misfit function   in the L2 norm which 
computes the deviation of the theoretical spectrum from the observed spectrum for 
each cluster, 
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In equation (S1) and (S2), Dkj  and Skj are the observed and synthetic spectrum with 
Brune-type source model [Brune, 1970] for kth event belonged a cluster recorded by 
jth station, respectively. A weighting factor  kj  is applied to each spectrum in the 
calculation of the total cluster misfit, enhancing the contribution from the spectrum 
with a longer frequency range. C accounts for frequency-independent effects, which is 
composed of α, the P wave velocity near the source, ρ, the density of the source 
material, R, the source-receiver distance, and cUψθ , the spherical average of radiation 
patterns (0.52 for P). M0 is the seismic moment, fc is the corner frequency, T is the 
travel time of each event-station pair, Q is the path attenuation factor, and f is the 
frequency.  
 
A grid search or such other optimization methods as genetic algorithms and 
simulated annealing, can achieve the same goal but much inefficiently. For more 
detailed descriptions of the NA method see Sambridge [1999]. The following we 
briefly describe our parameterization in NA and give an example to evaluate the 
performance of NA in our problem. 
 
The NA is conceptually simple with at most two control parameters, but is able 
to exhibit complex self-adaptive behavior as seeking an optimal solution in the model 
space. These two parameters are ns (the total number of new models considered at 
each iteration) and nr (the number of best fitting cells in which the new models are 
generated). As both nr and ns are increased together, it would expect the overall 
algorithm to become more explorative and so more robust, but more time expensive, 
as a sampler. To broaden the surveys and to insure the convergence of the algorithm, 
the optimal ns=500, nr=50 and the total number of iterations for synthetic test and 
observations are 11 and 200, respectively, are assumed by trial and error. At the 
preliminary iteration, we randomly generate a set of models (ns) and compute their 
misfits by equation (S1). Subsequently, ns new models are iteratively created in nr 
cells associated with the nr previous optimal models until the algorithm is converged. 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S1. The near source Vp, Vs and Vp/Vs [Nakamura et al., 2008] as function of 
depth used in this study. Each point is a sample of the velocities and their ratio at the 
earthquake location. To reproduce the stress drop increase with depth as shown in 
Figure 3c, Vs has to decrease, which is not the case. Also, theoretical Brune’s source 
model predicts that radiation efficiency is only a function of Vs/Vp, but the velocity 
ratios remain almost a constant across 60 km depth. In general, there is no dramatic 
perturbation in velocities and their ratio at any depth.    
 
 
